Medical Services Plan NDD/D Neurodevelopmental disorders and disabilities AIM The aim of this study was to identify children with neurodevelopmental disorders and disabilities (NDD/D) and compare their healthcare service utilization to children without NDD/ D using provincial linked administrative data.
Children with 'neurodevelopmental disorders and disabilities' (NDD/D) 1 or children with 'neurodisability' 2 describe situations in which neurological conditions are integrally associated with functional impairment. Until recently, epidemiological definitions have focused on neurological conditions and have differed in which conditions (e.g. fetal alcohol spectrum disorder) are included, leading to different prevalence estimates. Recently, a consensus-based definition of neurodisability has been proposed, which has gained wide acceptance. 2 This contemporary definition emphasizes the functional limitations common to neurological conditions, including the role of environmental factors in functioning and disability, discussed in the International Classification of Functioning, Disability and Health (ICF). 3 Despite this, there remains a gap in operationalizing NDD/D for research and policy purposes. This is reflected in the persistence of varying prevalence estimates 4, 5 and could also be a significant barrier to the access of resources and to the coordination and optimization of services for children with NDD/D. Linked administrative health data are increasingly becoming a focus for research to study child disability. 6, 7 The study of NDD/D using administrative data is relatively new. Most existing work in this area has used lists of chronic health conditions [7] [8] [9] but has not focused on NDD/ D because of the lack of functional impairment information in most administrative data. Yet, the consensus-based definition of neurodisability challenges researchers to find an approach to grouping health conditions under domains of functioning associated with NDD/D in an attempt to close the gap between specific conditions and functional limitations associated with them. 2, 10 One approach consistent with the consensus-based definition of neurodisability of Morris et al. is the definition of NDD/D of Miller et al., which is based on both diagnostic and functional status. 1, 2 This operationalization attempts to 'harmonize' diagnosis or condition-based ways of ascertainment, with functional domains, as befits the contemporary conceptualization of disability presented in the ICF. 3, 10 For example, in the absence of functional status information, diagnostic data can be reasonably aligned with an identified functional domain (e.g. cerebral palsy aligned with limitation in motor domain). Thus, specific diagnoses can be chosen to represent functional limitations in different domains. This approach, based on both diagnostic and functional information, has been used previously in a nationally representative population-based child disability survey to identify NDD/D. 1 The present study is the first, to our knowledge, that has applied this approach to administrative data to identify children with NDD/D and to examine their healthcare service utilization versus children without NDD/D. In the context of Canada's universally accessible system of health care, we examine a variety of service utilization outcomes such as different types of services children with NDD/D use and the most common diagnoses they receive in physician claims and hospitalizations. How do the services and diagnoses differ between children with and without NDD/D? This information is particularly important for service and resource planning. Thus, the purpose of the present study was to apply a definition of NDD/D based on both diagnostic and functional status as a research tool to identify children with NDD/D and to describe demographic characteristics and patterns of service utilization in populationbased linked administrative health data.
METHOD Data source and sample
This study used data from four separate administrative data holdings provided through Population Data BC (Table I ). All data from Population Data BC are linked using encrypted, randomly assigned identifiers that match personal health numbers across databases and over time, and linkage techniques to provide individual level data that are de-identified. A description of the variables analysed is also provided in Table I . Child healthcare service utilization outcomes were chosen based on previous survey and administrative data studies. 6, 11 The sample for this study (n=183 041) included children aged 6 to 10 years in 2006 who were registered with the British Columbia Medical Services Plan (MSP). We restricted our sample to children who were registered continuously with the MSP during their lifetime between 1996 and 2006 (64% of all children aged 6-10y in 2006) 1 given our definition of NDD/D using this time frame. Comparison analyses were conducted between children who were registered continuously with the MSP during their lifetime and those who were not (e.g. who had gaps in their MSP registration). There were no differences in child sex and age. Children who were registered continuously with the MSP during their lifetime were more likely to have NDD/ D, more likely to live in a family that received a premium subsidy, and were more likely to live in a higher-income quintile neighbourhood. Although these differences were small in effect size, they should be considered for generalizability of the results. Although these data may seem outdated, the cohort selected was part of a larger project and was most recent at the time of project initiation. In addition, relationships explored would not be expected to vary greatly with more recent data.
Child NDD/D
We adapted the definition of NDD/D of Miller et al. in which diagnostic information is aligned with predetermined functional domains most likely to be associated with neurological conditions. 1 Specifically, we used 23 International Classification of Diseases, Ninth Revision, codes to identify and classify NDD/D in six domains. Five of the NDD/D domains (motor, speech, learning-cognition, social, and sensory) were identified based on previous research that used national child disability survey data. 
Data access
Data access was approved by Data Stewards at the BC Ministry of Health, and ethics approval was granted by the Ottawa Health Science Network Research Ethics Board, where the research was carried out. The encrypted data files were made accessible to the research team on a secure research environment through Population Data BC. All inferences, opinions, and conclusions drawn in this study are those of the authors, and do not reflect the opinions or policies of the Data Stewards.
Statistical analysis
Descriptive statistics were used to present the number and percentages of children identified with NDD/D overall and by each functional domain. Next, sociodemographic characteristics and healthcare service utilization were compared between children with and without NDD/D. Owing to very few cases with missing values, no imputation was carried out. As a result of the large sample size in this study, very small differences emerged as statistically significant. Given this, effect sizes were computed for all What this paper adds
• Children with neurodevelopmental disorders and disabilities (NDD/D) have higher healthcare service utilization than those without.
• Based on provincial population-based linked administrative health data, a sizeable number of children are living with NDD/D.
• Given the high use of psychostimulants, specialized services for children with both NDD/D and psychiatric conditions may be the most needed services for children with NDD/D.
comparisons to assess the size of differences between the two child health groupings.
12, 13 Cohen's d was used for comparisons of mean numbers of healthcare service utilization (e.g. laboratory visits, radiographs, prescriptions) and child age. Categories of effect size were used based on Cohen's original guidelines 12 for small (0.20-0.49), medium (0.50-0.79), and large (0.80-1.29) effects, and extended to include very large (≥1.30) effects based on Rosenthal's work. 13 For comparisons of percentages, the categories of effect size included small (7-17 points), medium (18-29 points), large (30-44 points), and very large (≥45 points) with odds ratios being used for percentages less than 15% (see Table 3 in Rosenthal   13 ). Finally, we provided descriptive information about the top-three physician and specialist visits, diagnostic codes in physician claims and hospital separations data, as well as the top-three different prescription medications filled for children with NDD/D and those without NDD/D to determine whether types of services and most common diagnoses differed between children with and without NDD/D.
RESULTS
The diagnostic codes that were used to identify children in the NDD/D functional domains based on the definition of NDD/D of Miller et al., 1 adapted to administrative data, are presented in Table II . To be categorized in the NDD/ D grouping, children needed to have one of these codes present twice in physician claims or once in hospital separations (between the age of 0y and 10y; 1996-2006 [note children are different ages and thus the opportunity to capture NDD/D is higher for older children]), in line with other definitions of neurological conditions using administrative data. 14 The selection of two data sources (i.e. physician claims and hospital separations) was purposeful given that some health conditions were more frequently captured in hospital separations rather than physician claims data (e.g. newborn infants with fetal alcohol spectrum disorder).
Overall, 8.3% of children were identified with NDD/D (Table II) . The observed percentage for the speech domain (0.5%) was lower than expected, which may be owing to the fact that speech-language therapy is not covered by British Columbia's MSP and is therefore under-reported in administrative data. The observed percentage for the social domain (largely autism and its variants) was also lower than expected, which may be due to our consideration of two physician codes or one hospitalization for classification instead of a presence of a single diagnosis.
Regarding sociodemographic characteristics (Table III) , in keeping with widespread evidence, 4,6 a higher percentage of males than females was classified as having NDD/D A day of medication use was defined based on the date the prescription was filled and the number of days of medication supplied. One day of prescription medication use could include one or more prescriptions subscribed for that day 8.
Number of prescriptions Number filled in 2006 9.
Number of different prescription medication
Each drug identification number has a WHO ATC classification code assigned by Health Canada. 28 The ATC structure divides active substances into groups according to the organ or system on which they act and their therapeutic, pharmacological, and chemical properties. (63.8% vs 50.1%). Children with NDD/D were more likely than those without NDD/D to be in a family that received a premium subsidy (offered to those in financial need): 34.1% vs 21.2%. The effect sizes of these differences were small. Children with NDD/D had consistently higher healthcare service utilization outcomes than those without NDD/D (Table IV) . Effect sizes were very large for the number of days prescription medication was dispensed (84.7 vs 19.5) and large for the number of prescriptions filled (4.8 vs 1.5). Effect sizes were medium for the number of physician visits (6.4 vs 3.5), different specialists visited Types of physician and specialist visits did not differ greatly but indicated that children with NDD/D tended to have more subsequent specialist visits, in particular paediatric visits. The top-three physician visits (excluding laboratory and X-ray visits) were for regional examinations (general practice services; 59.2%), consultations (specialist services; 11.0%), and subsequent visits (specialist services; 8.4%) among children with NDD/D; and regional examinations (general practice services; 77.2%), consultations (specialist services; 4.5%), and tray service items (other services; 3.1%) among children without NDD/D. The top-three specialist visits were general practice (58.1%), paediatrics (17.3%), and optometry (9.6%) among children with NDD/ D, and general practice (71.3%), optometry (15.5%), and paediatrics (4.5%) among children without NDD/D.
We also examined the top-three diagnostic codes in both physician claims and hospital separations for each child health grouping. In physician claims, the three most common diagnostic codes among children with NDD/D were neurotic disorders, personality disorders, and other non-psychotic mental disorders (314.0; 7.9%), acute respiratory infections (465.0; 3.5%), and general symptoms (780.0; 3.3%), but for children without NDD/D, these appeared to be slightly different. Among children without NDD/D, the top diagnostic codes were acute respiratory infections (465.0; 4.9%), disorders of the eye and adnexa (accessory visual structures) (367.0; 4.2%), and general symptoms (780.0; 3.4%).
For hospital separations, the top-three primary diagnostic codes among children with NDD/D were, similar to those in the physician claims, neurotic disorders, personality disorders and other non-psychotic mental disorders (314.0; 4.3%), other disorders of the central nervous system (345.9; 3.9%), and general symptoms (780.3; 3.9%). Among children without NDD/D, they were obstructive chronic pulmonary disease and allied conditions (493.0; 5.9%), other diseases of upper respiratory tract (474.1; 5.3%), and fracture of upper limb (812.4; 5.0%).
Finally, we examined the top-three prescription medications. Among children with NDD/D, the three most common 12, 13 and small (7-17 points), medium (18-29 points), large (30-44 points), and very large (≥45 points) for differences in percentages with odds ratios being used for percentages outside the 15%-85% range. We identified 8.3% of children aged 6 to 10 years with NDD/D using diagnostic information aligned with limitations in functional domains. This percentage does not simply reflect the percentage of children with a single diagnosis; rather, it reflects a percentage of children who have difficulties in a functional domain aligned with a diagnosed neurological condition. While it is not possible to make a direct comparison with other published prevalence rates owing to differences in data sources, age of children, and operationalization of NDD/D, this percentage is within the range of other Canadian studies. For example, 9% of children aged 4 to 11 years were identified with NDD/D using population-based national survey data. 15 Miller et al. identified 4.5% of children aged 5 to 14 years with NDD/D using data from a national child disability survey. 1 More recently, Arim et al. identified 5.2% of children aged 6 to 10 years with functional limitations nonspecific to NDD/D using the same administrative data but not a lifetime definition. 6 Overall, our findings regarding prevalence of NDD/D suggest that the consideration of both diagnostic information and functional domains is important and achievable in administrative data albeit with some limitations. In particular, this prevalence is based on service utilization of children who were registered continuously with the MSP during their lifetime, and thus may exclude, for example, children who have limited access to healthcare services (e.g. new immigrants and those who live in remote areas). Future data possibilities such as survey data linked with administrative data may help to enrich information and increase our knowledge by targeting groups with limited access to healthcare in survey data. A study on children with limited healthcare access (e.g. those who do not have continuous MSP registration) is warranted. Finally, case ascertainment studies using both diagnosis and functional limitation information should be conducted to provide further validation information. 16 As expected, children with NDD/D had consistently higher service utilization rates than those without NDD/ D. Differences ranged from small to very large effect sizes for the number of physician visits, hospitalizations, and prescription medications. Notably, the number of days a prescription medication was dispensed was four times as high (85d vs 20d) for children with NDD/D as in children without NDD/D. Future research is warranted to examine whether the observed differences truly reflect an underlying population need or physician practices. As expected, psychostimulants were the top prescription medication (30-44 points) , and very large (≥45 points) for differences in percentages with odds ratios being used for percentages outside the 15%-85% range. filled for children with NDD/D, whereas it was penicillins for children without NDD/D, similar to reports of others. 17 Less than 10% of children with NDD/D did not have a physician visit in 2006, but the percentage was double that among children without NDD/D. These findings highlight the resource and intensity differences in healthcare service utilization for children with NDD/D. These observed differences are not adjusted for differences in social determinants of health such as socioeconomic disadvantage. However, given the marked differences, they are likely to remain, even after adjusting for socioeconomic factors.
Although children with NDD/D had a higher number of physician visits, consistent with previous research, 18 regional examinations were the top cause for physician visits for both children with and without NDD/D. However, subsequent visits were among the top three for children with NDD/D but not for children without NDD/D. This finding suggests that children with NDD/D are more likely to have follow-up visits within a 12-month period than children without NDD/D. Children with NDD/D also had a higher number of different specialist's visits, including a higher percentage of paediatric specialist visits. This finding is particularly interesting given that of all paediatric specialist visits captured in the data, 28% were by children with NDD/D, which may have implications for specialist training.
In terms of diagnostic information, in both physician claims and hospital separations data, the top diagnosis for children with NDD/D was related to hyperkinetic conditions, such as Tourette syndrome, whereas the top diagnosis for children without NDD/D was related to respiratory diseases. Respiratory diseases have been reported by others as being a common reason for hospital stays. [19] [20] [21] Among children with NDD/D, about 4% of children were ever hospitalized versus 1% of children without NDD/D, which is in line with previous research showing more hospitalizations for children with NDD/D. 22 As would be expected, reasons for hospitalizations were different than reasons for physician visits. For example, for children with NDD/D, other disorders of the central nervous system were among the top reasons for hospitalizations. Similarly, the diagnosis of acute respiratory infections was among the top in physician claims for both children with and without NDD/D but not in hospital separations.
Overall, these findings suggest that children with NDD/ D have higher healthcare service utilization. In addition, hyperkinetic disorders are common among children with NDD/D. This finding suggests that it is important to study comorbidity. Thus, future research may wish to focus on other emotional and behavioural conditions that may be prevalent among children with NDD/D. Given the high use of psychostimulants, specialized services for both NDD/D and psychiatric conditions may be the most needed services for children with NDD/D. Accordingly, consideration of 'complexity' due to comorbid conditions is necessary in order to understand and meet the needs of children with NDD/D. Future research with administrative data can be used to investigate to what extent healthcare service utilization changes over time for children, but complementary data sources such as survey information are needed to examine issues related to access, unmet healthcare needs, and service wait times, particularly for services not covered by the MSP such as speech, behavioural, and other therapies.
Administrative data are not subject to the same limitations as are survey data. They are routinely collected, providing great statistical power and the potential for comprehensive, comparative, and cost-effective analyses that other forms of data cannot match. Despite these strengths, important limitations of administrative data exist, including access to service issues, out-of-pocket fees for services, and non-subsidized services that are not captured by public healthcare plans. There are still a number of gaps in our knowledge of using administrative data to study children with NDD/D. Most notably, the observed differences in the prevalence of NDD/D and service utilization found in this study are related to healthcare access and coverage since findings are dependent on those who were continuously registered in the MSP. Little is known about how prevalence rates change over time using linked administrative data. In addition, in the present study, functional limitations were inferred from specific diagnosed health conditions. In other words, it was presumed that specific diagnostic codes represented predetermined functional limitations. In reality, it is possible that any specific diagnostic code (e.g. cerebral palsy) may represent a wide range of functional limitations and not just in a single domain (i.e. not just in motor domain but other domains as well). Unfortunately, the ICD-9 tool is designed to represent diagnostic status rather than functional status. The use of alternative descriptions of health conditions together with functional limitations such as the Systematized Nomenclature of Medicine Clinical Terms may remediate this issue in the future. 23 Specifically, as the Systematized Nomenclature of Medicine Clinical Terms provides an opportunity for physicians to code more than diagnostic information, 24 including various aspects of functioning, thus it allows us to distinguish service utilization among individuals with different levels of functioning and complexity of needs. Alternatively, administrative data can be complemented by other data sources, such as linked survey data or registries, to provide enhanced information on functioning, severity, and unmet needs. A final limitation in this study is methodological; given the data were crosssectional, the findings should be interpreted as correlations, cause and effect cannot be inferred. Generalizability is also limited given the population under study. Replication and validation studies with other provincial and international data are warranted.
Despite these limitations, this study contributes to our understanding of healthcare service utilization for children with NDD/D and our findings provide important directions for future research. For example, this study lays the groundwork for a cost analysis to determine the economic burden of children with NDD/D. 25 Moreover, a more refined analysis can be conducted with a focus on remote locations or subgroups with access limitations to explore barriers and related issues. Furthermore, future international collaborations may help to ascertain prevalence rates of children with NDD/D and lead to further studies exploring patterns in health service utilization over time. Longitudinal studies are important to understand patterns of healthcare service utilization as children with NDD/D transition from paediatric to adult care. Future research may not only address these gaps, but also explore findings of interest in this study such as definitions of NDD/D, comorbidity between mental health and NDD/D, and psychostimulant prescriptions for children with NDD/D.
